Clubfoot (talipes equinovarus) is a three-dimensional deformity of unknown etiology. Treatment aims at correction to obtain a functional, plantigrade pain-free foot. The ''French'' functional method involves specialized physiotherapists. Daily manipulation is associated to immobilization by adhesive bandages and pads. There are basically three approaches: the Saint-Vincent-de-Paul, the Robert-Debré and the Montpellier method. In the Ponseti method, on the other hand, the reduction phase using weekly casts usually ends with percutaneous tenotomy of the Achilles tendon to correct the equinus. Twenty-four hour then nighttime splinting in abduction is then maintained for a period of 3 to 4 years. Recurrence, mainly due to non-compliance with splinting, is usually managed by cast and/or anterior tibialis transfer. The good long-term results, with tolerance of some anatomical imperfections, in contrast with the poor results of extensive surgical release, have led to a change in clubfoot management, in favor of such minimally invasive attitudes. The functional and the Ponseti methods reported similar medium term results, but on scores that were not strictly comparable. A comparative clinical and 3D gait analysis with short follow-up found no real benefit with the increasingly frequent association of Achilles lengthening to the functional method (95% to 100% initial correction). Some authors actually suggest combining the functional and Ponseti techniques. The Ponseti method seems to have a slight advantage in severe clubfoot; if it is not properly performed, however, the risk of failure or recurrence may be greater. ''Health economics'' may prove decisive in the choice of therapy after cost-benefit study of each of these treatments.
Introduction
Clubfoot (talipes equinovarus) has a prevalence of 1.52 per 1000 in Europe. Management was classically surgical, correcting the deformity during the first year of life. Results, however, showed deterioration over time, with only 27% remaining good or excellent after 30 years of age [1] . At the same time, the good results found with the so-called ''French'' functional method, of which there are several variants [2] [3] [4] [5] and, even more, those of the Ponseti method [ 6] , have led to a radical rethink. In the USA [7] , the use of extensive surgical release during the first year of life fell from 70% in 1996 to just 10% in 2006.
The present article is an update on current management of clubfoot, discussing the apparent antagonism between the two non-surgical methods, without retailing the details already presented in previous studies -notably, Lascombes's lecture (1990) [8] and Wicart and Tourné's chapter in Seringe, Besse and Wicart's monograph (2010) [9] . It is limited to idiopathic clubfoot, despite the difficulty of definition entailed by possible late revelation of etiology. Treatment initiated after 3 years of age was comprehensively dealt with by Laville in 2004, and will not be discussed here [10] .
Anatomy -Etiopathogenesis
Clubfoot is a three-dimensional deformity ( Fig. 1 ) in adduction, equinus and supination. Adduction of the calcaneopedal block (CPB) under the talar-tibial-fibular unit (approximating the navicular bone to the medial malleolus and the calcaneal tuberosity to the lateral malleolus) is associated with forefoot adduction with respect to the hindfoot [11] . The tibiotalar and subtalar equinus and calcaneal adduction induce ''false'' hindfoot supination [11] . Forefoot supination, induced by that of the hindfoot, is less severe, giving a ''pes cavus'' aspect (1 st ray in pronation with respect to the hindfoot). Bone deformities involving the talus, lateral and medial arch length and lower-limb torsion and length are associated with soft-tissue retraction with posterolateral, anteromedial and anterolateral fibrous nodes and systematic amyotrophy of the lower-limb muscles [8, 9] .
Several anatomic abnormalities may be associated to varying degrees: agenesis or hypoplasia of the anterior or posterior tibial artery, accessory soleus muscle, etc.
Association with congenital hip dislocation has not been proved, but is classically looked for.
Clubfoot is probably a phenotype with several distinct underlying pathogenic agents. Disturbance of the neuromuscular chain (brain, spinal cord, nerves, muscles) induces the deformity, which is expressed at 8-14 weeks of gestation, allowing antenatal ultrasound diagnosis as of 16 weeks.
When isolated, it is considered idiopathic in 80% to 90% of cases.
A genetic etiology of unknown mechanism is strongly suspected [9, 12] , given the frequency of familial history (25%), the strong concordance found in monozygotic twins (33%), male predominance (sex ratio = 2.5:1) and ethnic variation. Environmental factors such as smoking, early amniocentesis or viral infection have also been suggested.
Classifications and degree of initial severity
Numerous classifications are available for initial foot severity assessment, monitoring and exchange of information. The most frequently used at present are the reliable and reproductible scores of Dimeglio and of Pirani, based on the physical aspect of the foot [13] .
The 20-point Dimeglio score rates equinus, forefoot adduction, varus and CPB derotation on one to four points each, with four extra points for the posterior and plantar creases, cavus and muscle status [14] .
The 6-point Pirani score is internationally used for assessment with the Ponseti method. It studies three morphological elements of the hindfoot (rigidity of equinus, emptiness of the heel, severity of posterior crease) and of the midfoot (curvature of the lateral border, reducibility of lateral head of the talus, severity of medial crease), attributing one point for severe, 0.5 points for moderate and 0 for no deformity.
Prognostic value, especially as regards cavus, the medial and posterior creases and emptiness of the heel, has not been demonstrated, and both scoring systems are imperfect [13] .
Complementary examinations Radiology
The usefulness of radiography during the first months of life is debatable, given the form or absence of ossification nodes (with the navicular bone being invisible up to 3 years of age).
Some teams perform radiological examination regularly [9, 15] , others in case of correction defect. Two incidences are used: dorsoplantar in reduction, and lateral in maximal dorsiflexion. As of walking age, views are taken under weight-bearing (Table 1) . A wide tibiocalcaneal angle is an indication for equinus correction by Achilles tenotomy [9] . A wide angle associated with clinically normal dorsiflexion indicates a ''broken'' midfoot (iatrogenic convex foot) [16] . The talocalcaneal index (sum of both talocalcaneal angles) is considered pathological when less than 40 • , indicating insufficient CPB derotation.
Ultrasound
Ultrasound examination is inexpensive, non-irradiating and easy to perform, enabling foot cartilage exploration up to 1 year of age [17] . Various cross-sections are taken ( Table 2) , with the subject relaxed, the foot in maximum reduction (Fig. 2) .
The examination is especially valuable in feet showing difficult or unusual evolution under treatment: is the correction in the right joints? [18] . A sagittal cross-section on an anterior approach can rule out dorsal dislocation of the navicular (iatrogenic convex foot [16] ).
Functional analysis of results

Gait analysis (GA)
Spatiotemporal, kinematic (joint range of motion) and kinetic (moment and strength) data enable lower-limb functional analysis [19] (Table 3 ). In unilateral deformity, comparison with the healthy foot is unwise: compensation for altered ankle kinematics by the knee and hip modifies the contralateral parameters so as to conserve symmetrical gait [20] . 
Baropodometry
Baropodometry assesses plantar pressure distribution during gait, completing radiography and GA [21] . Like GA, it is used as a research tool, but is also useful in the study of long-term results.
Scores and assessment questionnaires for long-term results
Various scores are available, analyzing physical, functional and radiographic criteria. As they contain varying proportions of subjective items, comparison is difficult [22] . The 60-point International Clubfoot Study Group (ICFSG) score is based on foot morphology (12 points), and radiologic (12 points) and functional assessment (36 points) testing the eight main leg muscles; it is, however, only moderately adapted to idiopathic clubfoot [23] . Laaveg and Ponseti's functional score, with 70 out of 100 points dedicated to subjective items [22, 24] , is overoptimistic! Ghanem and Seringe's 100-point score [9] has only 26 subjective points, 40 for foot morphology, 50 for function and 10 for patient satisfaction. There are also other scores, such as Magone's or McKay's [22] .
Many specific or generic questionnaires analyze the impact of clubfoot on quality of life [1] . The Short Form-36 (SF-36) provides a general physical and mental assessment. The Foot Function Index FFI) measures pain, disability and activity restriction, as does the clubfoot Disease Specific Index (DSI [25] ), which exists in a pediatric version.
Treatment
The objective is to obtain an ''esthetic, functional, painfree and plantigrade foot''. Recurrence is possible, defined by the reappearance of deformity, often of the hindfoot, in an entirely corrected foot, requiring renewed treatment.
Surgery Percutaneous Achilles tenotomy (pAT)
pAT lengthens the Achilles tendon to help correct residual equinus. It reduces treatment duration, risk of recurrence, talar flattening (''nut-cracker'' effect) or convex foot [16] and the number of surgical releases required.
It involves a risk, as yet poorly defined, of triceps insufficiency [20] , moderate forms of which can be screened for by single-foot tiptoe jumping [9] . Rare cases of posterior tibial vascular-nervous lesions have been reported, with severe consequences when associated with vascular deformity.
A complete transverse section of the tendon is performed 1 or 2 cm from the insertion, under local or general anesthesia [26] . A needle or size-11 blade tip is inserted into the medial part of the tendon and moved laterally and posteriorly. A click-like perception of hiatus in the tendon under more than 15-20 • dorsiflexion is the sign of complete sectioning. After 21 days' femoropedal immobilization, the tendon, though thick and disorganized, should be continuous on ultrasound. At 6 months, it should be hypoechogenic, without retraction; at 1 year, although still thick, it should be structurally normal on ultrasound [27] .
Lengthening may be performed as open surgery or with several percutaneous incisions in children over 2 years of age.
Anterior tibial muscle surgery
Muscular disequilibrium in favor of the anterior tibial muscle is frequent after treatment including Achilles lengthening, and is seen by dynamic supination of the foot during the oscillating phase, with deficient anteromedial support, ''piano key'' sign [9] and forefoot supination in active dorsiflexion of the ankle (Fig. 3 ).
If not corrected after walking age, there is a risk of deformity fixation (pes cavus, forefoot adduction, hindfoot varus, navicular dorsal subluxation). Anterior tibialis surgery may be recommended as of 2-3 years of age, mainly in case of recurrence with flexible foot, and may comprise:
• transfer of half of the anterior tibialis tendon onto the cuboid, to conserve balanced dorsiflexion; • anterior tibialis tendon transfer onto the lateral cuneiform (fixation onto the cuboid entailing a risk of hypercorrection). This is an integral part of recurrence management in the Ponseti method. Despite a 15.2% rate of further recurrence [28] , long-term results are excellent, as the joints are spared, avoiding degenerative lesions [6] ; • Z-lengthening of the anterior tibialis tendon. Unlike transfer, this isolated lengthening of a muscle that is too short and too active [26] is also systematically performed during posteromedial release, which, by lengthening the medial arch, would further shorten the anterior tibialis.
Posteromedial soft-tissue release (PMR)
By lengthening the tendons and sectioning the aponeurosis and joint capsules, which hinder reduction, soft-tissue Idiopathic congenital clubfoot: Initial treatment 5 release corrects tibiotarsal and subtalar equinus, CPB adduction and mediotarsal adduction. This is not light surgery, and should not be performed before 1 year of age, and should respect the subtalar structures [26] . Beginning with posterior release, it moves on to the medial part of the foot. The talonavicular joint is temporarily pinned in maximum reduction to avoid navicular dorsal subluxation. In case of incomplete correction of adduction or pathologic calcaneocuboid joint orientation, the lateral column of the foot may be shortened by distal calcaneus subtraction osteotomy (Lichtblau technique). Correction is achieved in 75-80% of cases, with 20-40% recurrence, which may require heavy revision surgery [29] . Over and above the usual risks [9] , there are risks of hyperor hypocorrection, dorsal bunion and triceps insufficiency.
The quality of results degrades over time. Sixteen years after adapted PMR, mean Laaveg and Ponseti score was 80.6 [30] , at 25 years, 75 [24] , and 30 years after mainly subtalar release, 65.3 [1] . Muscle weakness, joint stiffness and pain (appearing after 20 years) reduce tolerance for effort and endurance, although without impairing everyday activities.
Twenty-two years after PMR, pace speed and length on GA were reduced [25] . On ground contact, the forefoot showed dorsiflexion and adduction with the hindfoot in equinus. Triceps stiffness and weakness made inversion and plantar flexion insufficient in the pre-oscillatory phase. Ninety-six percent of patients reported pain on the DSI and 40% had moderate or poor ICFSG scores.
External rotation of the hip and genu recurvatum frequently compensate respectively the somewhat internalized pace angle and reduced ankle dorsiflexion. Pressure is reduced on the hindfoot (reduced dorsiflexion) and under the first metatarsal and increased under the midfoot. Loss of subtalar pronation (contact shock absorption) contributes to onset of pain.
Independent scales (Laaveg and Ponseti, FFI and SF-36) agree on impaired quality of life after 30 years, due to degenerative lesions, mainly of the hindfoot, found in 50% of cases [1] . Results were all the poorer with more extensive or iterative release.
PMR is therefore a last resort in feet resistant to conservative management.
Non-surgical treatment
Ponseti method
The Ponseti method is typically implemented during the first weeks of life, but can also be applied after walking age, and even, according to some authors, up to the age of 9 years. It comprises a correction phase involving weekly or 5-daily application of 3 to 9 femoropedal plaster of Paris casts on cotton laid on the skin [18] . The cavus deformity is corrected by positioning the forefoot in supination so as to align it with the hindfoot; then the hindfoot adduction, varus and equinus are progressively corrected by positioning the foot in abduction and external rotation with counterpressure on the lateral side of the talar head. The calcaneus thereby shifts, without manipulation, into eversion and dorsiflexion ( Fig. 4 ).
If the residual dorsiflexion, after correction of the other components of the clubfoot, is less than 15 • , pAT is performed, followed by 21 days' immobilization in maximum dorsiflexion and 60 • abduction, in 70 to 90% of cases (Table 4) ; given the risk of triceps insufficiency, it should not be systematic, especially in less severe deformities.
A modified technique is implemented for ''complex idiopathic'' or ''atypic'' feet, which slide inside the casts and become resistant [33] . These feet, probably iatrogenic, are short and thick, with fixed equinus and deep posterior crease, hyperflexed metatarsals with a plantar crease and a short first ray in hyperextension. When fitting the casts, the forefoot should be abducted, with dorsiflexion induced by pressure under the metatarsal heads, and pAT should be performed earlier.
Strong pressure applied under the metatarsals before correcting the calcaneal varus induces iatrogenic convex foot or ''rocker bottom deformity'' [16] ). The foot is then cast in slight equinus for a week or two to let the plantar ligaments retract ahead of pAT.
The consolidation phase begins once the deformity has been fully corrected (90-100% of cases irrespective of initial severity [13, 18, 32] ) or when only slight residual deformity remains after 1 or 2 cast phases. A foot abduction brace holds the foot in 60 • to 70 • external rotation (40 • for the normal foot if the deformity is unilateral) with 15 • ankle dorsiflexion, for 22 hours a day for 3 months, during the night and the afternoon nap up to 1 year of age, and then nocturnally up to 3-4 years of age ( Fig. 5) . Recurrence. Recurrence is rare after 5 years and very rare after 8 years; it occurs in 20-41% of cases. It may constitute the only sign of unnoticed underlying pathology. The determining factor is poor compliance with the derotation splint, admitted by 50% of parents and entailing a 183-fold elevated risk of recurrence [32] .
Non-compliance may have a mechanical origin if an incompletely corrected foot, badly positioned in the splint, becomes uncomfortable and deteriorates, so that the splint is quickly abandoned [33] .
To improve compliance, cruropedal and/or unilateral splints may seem useful; however, without abduction and external rotation, correction cannot be maintained [34] and the recurrence rate is as high as 83%. It is thus crucial to explain to the parents the importance of the bipedal derotation splints, to provide them with an information sheet, to involve the family physician and to check regularly for signs of intolerance.
Recurrence is managed by a new cast and possibly iterative pAT. In late recurrence, treatment focuses on the residual post-cast deformity, with possible bone, joint or soft-tissue surgery (anterior tibialis transfer, etc.). Major recurrence with several components requires ''customized'' surgery with PMR as a last resort (Fig. 6 ).
An internalized position of the foot under the knee is due to tibial torsion, CPB adduction, forefoot adduction and/or anterior tibialis hyperactivity. With the Ponseti method, it is found in 57% of cases at 2 years, and in 85% at 5 years (end of splint phase), while in adults tibial torsion on CT scan is normal [35] . Results. Repeated immobilization in reduction, after stretching of the retracted tissue, slackens the collagen and leads to joint surface remodeling under continuous static pressure. Pirani et al. [36] the cartilage, associated with joint surface reorientation induced by the casts. After well-conducted treatment, surgical release is required in only 6% of cases [15] . A low rate of pAT, splints worn for less than 2 years and a low rate (1/3) of recurrence managed by cast account for certain reports of abnormally high rates of PMR [29, 31] (Table 4 ).
Partial correction of medial displacement of the navicular and of the talocalcaneal index does not exclude achieving a functional foot of normal aspect. The classic residual varus found at walking age may self-correct or be treated by late casts (Fig. 7) . Using pain and functional restriction as assessment criteria, Cooper [6] reported that perfect anatomic correction of the foot was not a prerequisite for good longterm results: 78% good and excellent results at a mean 34 years' follow-up, despite restricted joint range of motion, radiologic imperfections and a 35% rate of benign degenerative lesions.
Functional method
The functional method, implemented during the first months of life, is based on daily physiotherapy: decoaptation of the navicular from the medial malleolus, correction of forefoot adduction and calcaneal varus, CPB derotation, and then talar reintegration with equinus correction associated to eversor muscle stimulation. First introduced by Masse [37] , the method exists in three main forms, developed by Seringe (Saint-Vincent-de-Paul method) [2] , Bensahel (Robert-Debré method) [3] and Dimeglio (Montpellier method) [4] . They all use the same basic principles (applied successively or simultaneously), differing in the use of a continuous passive mobilization device [4, 38] or in the rigidity of foot immobilization In the Robert-Debré method correction is maintained by a flexible splint [3] (Fig. 8 ). In the Saint-Vincent-de-Paul method, the foot is immobilized on a plate, usually with plantar concavity; a permanent femoropedal splint is associated for 6 months to keep the CPB in abduction under the talar-tibialfibular unit [11] (Fig. 9) , then maintained only overnight, with a cruropedal splint by day [9] . Other differences concern performance of pAT [9] or triceps lengthening by the Vulpius technique [38] , practiced for some 10 years now at 4-12 months in case of plantar convexity, radiologic tibiocalcaneal angle greater or equal to 75 • or equinus with normal talocalcaneal divergence.
Evolution after 3 and especially 6 months of treatment identifies at-risk feet requiring surgery, which should be as non-invasive as possible, adapted to the deformities, as of 12 months.
After walking age, depending on the method, a nighttime femoropedal or cruropedal device is prescribed either systematically or to correct sequelae. Results. Although accused of causing inflammation, fibrosis and stiffness ''fibrotic response'', the functional method seems to restore muscle balance and provide a biomechanical environment that changes the growth pattern of the osteochondral structures of the foot. An MRI study found results similar to those of Pirani [36] , although with the calcaneus remaining in equinus [39] .
Figure 9
Functional method (Saint-Vincent-de-Paul) [9] : a: foot held by rigid plate with plantar concavity; b: femoropedal splint to stabilize CPB in abduction under talar-tibial-fibular unit. Thanks to P. Wicart.
The rate of surgical release of 20% to 30% (Table 4 ) fell to 10% by 2002 thanks to pAT, the rate of which rose from 10% to 24% in 2 years [15] .
Which method to choose?
Opponents of the functional method claim it takes too long and is too expensive, as patients may have to travel miles to find a trained physiotherapist. The associated rate of surgical release, with results known to be poorer in the long term, is high, although it can be reduced by pAT.
Richards' study [31] , which involved a great deal of bias, found identical rates of initial correction, recurrence and good results on both methods. There seemed to be a slight trend for casts to be more effective in severe forms, as Chotel confirmed [15] , although on a short follow-up (Table 4) .
Patients managed by the two methods were compared on GA at 2 and 5 years [19] . At 2 years, difference in results was related to pAT: associating it to the functional method reduced equinus (5%), genu recurvatum and foot drop (5%). The rate of normal sagittal ankle kinematics was better with the functional method (75% vs. 53%), and improved between the two follow-up time points. Thanks to increased triceps force, excessive dorsiflexion was found following pAT in only 24% of cases with the Ponseti at 5 years (versus 48% at 2 years). No correlation was found between pAT and reduced ankle strength (20% of cases).
Conclusion
Extensive surgical release is to be avoided as much as possible: it is better to tolerate a little imperfection than to undertake surgery that gives poor results over the long term.
The short follow-ups of the comparative studies preclude any firm conclusion as to which attitude is preferable, especially since percutaneous Achilles tenotomy has been added to the functional method. A hybrid attitude combining both methods is conceivable [31, 38] , but initial results have not proved conclusive. Moreover, Jowett's meta-analysis [18] showed that the Ponseti method works best when unaltered.
Better knowledge of etiology, family geographic and/or sociocultural context and the respective costs of the methods in the difficult current situation of health finance may be the main decision factors in treatment choice.
